I. INTRODUCTION
In the past years new technologies such as next generation deep sequencing have shown that most of the genome is transcribed into RNAs. However, only 1-2% of the human genome codes for proteins (68) dividing the RNA world in two halfs: 1) RNAs that have coding potential and 2) RNAs without coding potential, referred to as non-coding RNAs (ncRNAs). Although mRNAs were already studied extensively, ncRNAs account for the majority of RNAs. In the past, ncRNAs were considered as "evolutionary junk," but increasing evidence suggests a huge impact on several molecular mechanisms. Furthermore, the amount of ncRNAs in an organism correlates with its complexity. This suggests a tremendous influence of ncRNAs on the development and organization of higher structured animals.
NcRNAs are divided into two subclasses according to a relatively broad size threshold. NcRNAs smaller than 200 nucleotides (nt) are called small or short non-coding RNAs, whereas the ones longer than 200 nt are called long noncoding RNAs (lncRNAs). These two groups themselves are rather heterogeneous. Small ncRNAs can range from few to 200 nt, while lncRNAs have a size up to several kilobases. MicroRNAs (miRNAs) with a size of ϳ20 nt are the most known group of small ncRNAs and have been studied already extensively. Their main action is the negative regulation of gene expression by binding a target mRNA and induction of its degradation or inhibition of its translation. For detailed reviews on miRNA biology, see Ha and Narry Kim (98) or Castel and Martienssen (40) .
Compared with miRNAs, the mechanistic characterization of lncRNAs is rather poor. This is partly due to the fact that lncRNAs can regulate gene expression at multiple levels in the cell through complex molecular mechanisms. Furthermore, unlike miRNAs, lncRNAs are relatively poorly conserved in terms of nucleotide sequence, even though they can be found in a broad range of species (96, 125, 220) , including plants (256) , yeast (111) , prokaryotes (20) , and viruses (227) . This limits the availability of cellular and animal models for investigation of lncRNA functions, even though lncRNAs differing from each other in their nucleotide composition can still show the same three-dimensional structure, and therefore, the same molecular function (60, 217) .
Increasing evidence is pointing towards lncRNAs as regulators of almost every cellular process, and expression of these non-coding molecules seems to be strictly regulated in physiological conditions as well as in several human diseases, including cancer (258, 286) .
It is known that lncRNAs can be transcribed from almost every locus of the human genome and in different orientations compared with coding genes. Some lncRNAs are tran-scribed from regions overlapping one or more exons of another coding transcript (sense lncRNAs), while others overlap coding genes on the antisense strand (antisense lncRNAs). Other lncRNAs arise from non-coding DNA sequences such as introns, or regulatory elements such as enhancers. Finally, some of them are transcribed from intergenic regions that do not overlap any other known coding gene, and have their own promoters and regulatory elements (261) .
When considering the theoretical number of possible existing lncRNAs, it becomes evident that only a small amount of them have been already investigated. However, those that have been characterized showed the ability to regulate gene expression at a transcriptional and posttranscriptional level through interaction with nucleic acids and proteins in both a sequence-specific and a structure-specific manner (191, 290) .
From a more general point of view, the classification and annotation of putative lncRNAs needs to be deeply assessed to exclude RNAs that are actually protein-coding. Indeed, it has been recently reported that, despite their classification as non-coding molecules, some lncRNAs can code for micropeptides (5) . A skeletal muscle-specific RNA, which was assumed to be a lncRNA, encoded for a functional micropeptide, indicating that every newly investigated lncRNA needs to be validated as a non-coding transcript, before drawing conclusions on its regulatory role.
Recently, evidence showed that expression of ncRNAs is not limited to classical mechanisms. A backsplicing variant of expression gives rise to so-called circular RNAs (circ-RNA). CircRNAs are made of a covalently closed continuous loop and thus lack a 5' cap and 3' tail. This RNA species is not only conserved very well, it is also relatively stable and more tissue-specific (124) .
The emerging links between non-coding RNAs and diseases have opened up a new field of therapeutic and diagnostic opportunities. Many miRNA have already successfully been shown to serve as biomarkers or therapeutic targets for many different diseases. There is also evidence that the same holds true for lncRNAs and circRNAs.
II. DEFINITION AND BIOGENESIS OF ncRNAs
It is evident that RNA molecules exhibit many more functions instead of being a simple template for protein synthesis. Considering the ability of RNA to form three-dimensional structures and to interact with DNA, proteins, and other RNA molecules, non-coding transcripts are assumed to be as versatile as proteins allowing them to orchestrate most cellular processes.
In addition, the number and categorized classes of such functional ncRNAs, ranging from ϳ20 to thousands of nucleotides, has been strongly expanded in the last decade. The length of ncRNAs is an important criterion to define two major classes of regulatory RNAs: small and long ncRNAs. In this review, we mainly focus on microRNAs and lncRNAs, including circRNAs and their role in developmental processes as well as in diseases such as cancer and mainly cardiovascular diseases.
A. MicroRNAs
MiRNAs are defined as single-stranded ncRNAs of ϳ20 nucleotides in length that are endogenously expressed and regulate gene expression on the posttranscriptional level. Since their first description in the worm Caenorhabditis elegans (155) , thousands of miRNAs have been identified in flies, plants, and mammals (219) . The conserved structure and biogenesis of this RNA species harbors the key to understand the modulation of gene expression by miRNAs.
Genes encoding for miRNAs are located throughout the genome, and a large proportion is found organized within clusters comprising multiple miRNAs. To some extent, miRNAs are encoded within or overlap to protein-or noncoding genes that relate their expression to the transcription and processing of such host genes. However, miRNAs can also arise from autonomous transcriptional units (214, 234) . During biogenesis, miRNAs pass a multistep process including transcription, nuclear maturation, export, and cytoplasmatic processing before evolving into a functional RNA (see FIGURE 1).
A large proportion of miRNA genes are transcribed as polycistrons by RNA polymerase II (Pol II) (53) , while a minor group depends on RNA Pol III. Transcription leads to large precursors (pri-miRNA) that exhibit mRNA-like modifications including 5' capping and 3' polyadenylation and that are characterized by a hairpin structure covering the mature miRNA sequence in the stem (11) . This is followed by two processing events. The first is mediated by a nuclear complex, named microprocessor, comprising the DGCR8 protein (DiGeorge syndrome criticial region 8) that recognizes the primiRNA and directs the cleavage by RNAse III endonuclease Drosha (58, 156) . The resulting hairpin precursor of ϳ60 nucleotides (pre-miRNA) translocates from the nucleus to the cytoplasm mediated by Exportin-5 and RAN-GTP (23, 176, 300) . In a second step, the RNase III endonuclease Dicer interacting with TARBP (TAR RNA binding protein) cleaves the precursor close to the terminal loop releasing RNA duplexes of ϳ22 nucleotides (63) . This duplex immediately associates with Ago proteins (Argonaute) assembling the miRNA-induced silencing complex (miRISC) (11) . The mature miRNA (guide strand) retains in the complex, while the other strand of the duplex (passenger strand, miRNA*) is degraded. The se-lection of the guide strand varies spatially as well as temporally and depends on properties of the precursor or further processing factors (82, 207) .
Not all miRNAs known meet this classical or canonical route of biogenesis. In an alternative route (98), the noncanonical pathway, miRNAs are derived from short hairpin introns, named mirtrons (206) . The first processing step by Drosha is substituted by the splicing machinery. This cleavage event generates an intermediate that is debranched before the hairpin structure is formed (98) . The resulting pre-miRNAs are processed according to the canonical biogenesis pathway. Furthermore, pre-miRNAs can be derived from small nucleolar RNAs (snoRNAs) (69) or tRNA precursors (9).
B. LncRNAs
LncRNAs encompass the largest proportion of the noncoding transcriptome and are of emerging interest. However, they are the least studied ncRNA species, still a heterogeneous group and so far not well defined. New classes, characteristics, and functions are described and annotated each year. In general, the term lncRNA refers to transcripts that are longer than 200 nucleotides and do not harbor protein-coding signatures. This length threshold is a simple but convenient biophysical cut-off that separates lncRNAs from smaller ncRNA species such as miRNAs, siRNAs, and others (184, 197) . Some lncRNAs, named macroRNAs, reach exceptional lengths, extending beyond 90 kb like the transcripts Airn and KCNQ1OT1 (141, 245) . The criterion "non-coding" refers to the lack of open reading frames and/or conserved codons in transcripts, but remains controversial (8, 97, 118) . Recent analysis provides evidence that lncRNAs can be engaged by ribosomes (16, 119) , and some transcripts give rise to small peptides (119) . However, the capability to encode a peptide does not necessarily exclude that a transcript serves as a functional RNA. Indeed, there is growing evidence of bifunctional transcripts serving both as protein templates and lncRNAs (64, 192) .
Another type of classification of lncRNAs is based on their genomic organization or their relation to protein coding genes: 1) sense lncRNAs overlap one or more exons of a coding gene; 2) antisense transcripts exhibit partial or complete complementarity to transcripts on the opposite strand; 3) intronic lncRNAs are produced from an intron of a gene; 4) bidirectional transcripts share the same promoter with protein-coding genes, but are transcribed in the opposite direction; 5) intergenic lncRNAs (lincRNAs) are located between protein-coding genes and are transcribed independently; 6) enhancer RNAs (eRNAs) are produced from enhancer regions of proteincoding genes; and 7) circRNAs originate from splicing events of protein coding genes and form covalently closed continuous loops.
Compared with protein-coding genes, which usually exhibit sequence similarities or identities among species, lncRNA transcripts in general appear less conserved, but more than introns or intergenic regions (94, 267) . However, lncRNA can arise from ultraconserved regions (UCRs) (121) , sequence stretches with near-perfect identity, and several transcripts exhibit conserved promoter regions and splice sites or are expressed from syntenic genomic loci relative to protein-coding genes (267) , indicating that they might be functionally related regardless of their divergent sequences. Furthermore, conservation may be found in secondary structure motifs rather than in primary sequence stretches and/or due to functional interactions with DNA, RNA, or proteins (62) . Differences in sequence conservation between coding and non-coding genes become evident comparing two well-studied lncRNAs. The X chromosome inactivating lncRNA Xist exhibits poor sequence similari- ties, but well conserved functionality (78) , while the sequence of the nuclear-enriched transcript Malat1 is well conserved among several mammals, but its role in murine and human cancer is divergent (62) . Taken together, conservation of lncRNAs needs to be defined from a different angle considering sequence, structure, and function to entirely define the evolutionary relation between lncRNAs of different species.
LncRNA biogenesis and structure
The biogenesis of lncRNAs occurs in the nucleus and mirrors the synthesis of protein coding transcripts. lncRNA promoters are often epigenetically marked with histone modifications as well as bound and regulated by transcription factors favoring or hampering gene expression (96) . As mRNAs, many lncRNAs are transcribed by Pol II, while other lncRNA promoters harbor structures that are more likely to be transcribed by Pol III. This regulation allows a precise fine-tuning of lncRNA expression to temporal or spatial events. In general, lncRNAs are present in lower amounts compared with mRNAs, but their expression is considerably more restricted to specific cell types (35, 60) . Posttranscriptional processing is another feature that lncRNAs share with their protein-coding counterparts: a large proportion of lncRNAs is capped and polyadenylated (39, 131) . RNA editing events are capable to alter noncoding transcripts as well (224) . Nearly all lncRNAs exhibit canonical splice sites leading to at least two transcript isoforms that are mainly composed of two exons (60) . In contrast to mRNAs, lncRNAs can be found in different compartments of the cell. After their biogenesis and processing, mRNAs are released into the cytoplasm that is true for several lncRNAs as well, while most of the non-coding transcripts retain in the nucleus and are recruited to the chromatin (60) (see FIGURE 2).
The final step in the lncRNA biogenesis and a crucial feature of lncRNAs is the ability to form thermodynamically stable structures. On the primary structure level, the functional activity of lncRNAs relies on Watson-Crick base pairing, facilitating direct interactions with other RNA molecules like mRNAs and miRNAs or DNA (204) . Secondary structures including helices, hairpin loops, bulges, and pseudoknots are shaped by base-pairing as well or interactions of the ribose backbone that allow the formation of higher-order configurations (52, 192) . In many cases, the structure determines the RNA function, rather than the primary sequence. For example, the function of HOTAIR as a tumor suppressor is based on conserved secondary structure elements that surround protein-binding motifs of this lncRNA (246) . So far, three-dimensional RNA structures have been attempted more for ribozymes including components of the ribosome or spliceosome, rather than for lncRNAs (204) . These findings and the fact that lncRNAs are capable to determine the macromolecular architectures like nuclear paraspeckles (48) suggest that non-coding transcripts are capable to form such higher-order structures as well. Although lncRNAs are suggested to be more structured than their protein-coding counterparts (178, 295) , their structural versatility might play a critical role enabling lncRNAs to form binding sites for the interaction with proteins, DNA, and other RNA molecules. This suggests an important interplay between the lncRNA structures and their biological function. Nevertheless, the process of lncRNA folding including the discovery of auxiliary factors and the structure-to-function relationships of non-coding transcripts are still at the very beginning to be elucidated and will be an essential and interesting challenge for future research to uncover new regulatory mechanisms of lncRNAs.
C. CircRNA Origin and Characteristics
The identification of circRNAs reshaped the perspective of the so far linear RNA world. Unlike known unidimensional lncRNAs, the 3' and 5' ends of circRNAs normally present in a RNA molecule are covalently linked together forming single-stranded continuous loop structures. CircRNAs are found in all kingdoms of life; they are highly abundant in eukaryotes, evolutionary conserved, and can be specific for certain cell types or developmental stages (102, 186, 237, 303) . Like linear lncRNAs, they are RNA species of a great variety. Corresponding genes are spread over the entire genome and located within or outside of protein coding genes. Their size ranges from 100 nt to over 4 kb and harbor single or multiple exons (237, 303) . Specific characteristics of circRNAs are their extraordinary stability, due to the lack of exposed ends which are prone to nucleolytic degradation, and certain RNA folding determined by their structure (124) .
CircRNAs usually arise from splicing events and circularization of exons or introns (237) . Exonic circRNAs depend on spliceosomal splicing and can be generated by a process that is referred to as back splicing. Here, exons are spliced in reverse order by joining the upstream 3' splice site with a downstream 5' splice site leading to a circular product (50, 102, 186) . In another mechanism exonic circRNAs result from exon skipping that forms a lariat structure harboring exons and introns (101, 124) . This precursor undergoes self-splicing, whereas the intron is removed, and the lariat finally circularized (134) (see FIGURE 3).
Recent findings indicate that flanking intronic complementary sequences mediate exon circularization (302) . The biogenesis of intronic circRNAs can be both dependent on and independent from the spliceosome. In spliceosomal splicing, circRNAs are derived from introns that are circularized at the 2'-5' branch point. This lariat harbors a 3' tail that is trimmed from the end to the branch point, but somehow escapes complete degradation resulting in a stabilized circRNA (303) . Autonomously spliced intronic circRNAs evolve from autocatalytic ribozyme activities. Group I introns require an exogenous guanosine cofactor (202, 303) , while group II introns undergo self-splicing (222, 303) . Finally, a continuous loop is formed by a covalent 2'-5' phosphodiester bond. Following their biogenesis, circRNAs are released from the nucleus to the cytoplasm (102, 124, 186, 237) , by a so far unknown transport mechanism, where they unfold their unique biological function described below.
III. FUNCTION OF microRNAs, lncRNAs, AND circRNAs

A. Functions of microRNAs
The hallmark of the miRNA function is their ability to suppress gene expression by binding their target RNAs in a sequence-specific manner. Recognition is mainly mediated by Watson-Crick pairing of the miRNA seed region within matching nucleotides within the 3' untranslated region (3' UTR) of target RNA (11, 160) . A small proportion of miRNAs is capable to regulate the expression of RNAs by recognizing and targeting other mRNA proportions (151) .
The strength of the binding between a target site and the miRNA depends on full or partial complementarity that mainly determines the nature of the target repression. The number, position, and accessibility of target sites, flanking regions, and secondary structures as well as sequences alterations by RNA are further determinants.
MiRNA-RNA targeting relies not only on the interaction between naked RNA molecules, but also on the association with effector proteins in the miRISC (11) . When incorporated, miRNAs activate this complex and guide its activity to the target site. Finally, the interaction between miRNA and RISC leads to the target repression either by hampering the translational machinery or favoring nucleolytic mRNA degradation. Translation inhibition is mediated by Ago proteins that compete with factors that direct ribosomal subunits or make translation initiation accessible, or that lead to a dissociation of the translational machinery. Target degradation can be achieved by deadenylation from the 3' end or by decapping of the 5' end attracting endonucleolytic and exonucleolytic activities (71) . More detailed functions about miRNAs can be found in the key reviews cited in Next to their conventional role in posttranscriptional gene regulation, there are several evidences that these ncRNAs appear also in unusual places and with surprising other functions. This includes findings of miRNAs to induce target translation by recruiting respective ribonucleoprotein complexes (273) . Another recently discovered function of miRNA biology depends on their presence in the nucleus (164, 229) . In contrast to the conventional assumptions of biogenesis and function in the cytoplasmatic compartment, certain miRNAs and adjacent Ago proteins are capable to accumulate in the nucleus where they influence the biogenesis of other miRNAs as well as other RNA species. So far, there is limited knowledge about the underlying mecha- nisms. The functional relevance of nuclear miRNAs needs to be elucidated in more detail.
Another intriguing aspect of miRNA biology is the fact that miRNAs are not only restricted to processes within the cell, but that they are also present outside the cell in blood, plasma, breast milk, urine, and other body fluids (93) . Circulating miRNAs are indeed highly stable and resistant to RNAse activity, since they are associated with proteinous carriers or incorporated into several forms of vesicles or microparticles. Here, miRNAs function as signaling molecules transferring genetic information between cells or tissues (276) . Since miRNA expression patterns are strongly correlated with disease conditions including cardiovascular disease, circulating miRNAs are of great value for the use as diagnostic markers.
B. Functions of LncRNAs
Functions of lncRNAs are more complex and diverse than that of miRNAs. lncRNAs are generally expressed at a lower level but show more cell type-specific expression patterns than that of the protein-coding genes. Additionally, lncRNAs are less conserved than miRNAs (14, 96, 220) because they seem to be under more selective pressure especially in their promoter regions (60) . These characteristics make it more challenging to establish functional motives for the action of lncRNA. The large number of transcripts [14, (153) , whereas HOTAIR is a trans-acting regulator of the HOXD genes (228) . lncRNAs can also act on the processing of mRNAs. Splicing is one mechanism that was shown to be influenced by lncRNAs. For instance, natural antisense transcripts (NATs) influence splicing patterns from the neuroblastoma MYC intron 1 splicing which is the sense encoded gene (17) . Also MALAT1 is known to regulate Ser/Arg splicing factors via an unknown mechanism (264) .
Another class of lncRNAs is involved in posttranscriptional control mechanisms; these lncRNAs can sequester miRNAs to keep them away from acting on their targets (like CDR1as, LINCMD1, or HULC). For instance, the cytoplasmic 1/2-sbsRNA promotes mRNA decay by base pairing with Alu-elements in the 3' UTR of their target mRNA (86) . Another example is the lincRNA-p21, which suppresses target mRNA translation by recruitment of translation repressor proteins (301) .
In the following, we want to guide the reader through the different so far known functions of lncRNAs. The classification given above facilitates us to state well-investigated examples of lncRNAs and go into more detail of their mode of action. This fascinating area of research revealed involvements in developmental regulation, chromatin modification, enhancer functions, genomic imprinting, DNA damage response, neural differentiation, and cell proliferation to name just a few of them.
Regulation of transcription
The level of lncRNA expression often correlates with that of antisense coding or neighboring genes but at lower levels (60) . In contrast to proteins acting as chromatin modifiers, lncRNAs do not have to reenter the nucleus to exert their regulation. They can function in the same place where they are transcribed making them perfect candidates for a cisregulatory way of action.
Xist is one of the earliest investigated lncRNAs. Discovered in 1991 (25, 27, 29, 30) , Xist was shown to be involved in the complex regulation of X-chromosome inactivation (XCI), where it is also expressed. The process of XCI ensures that in female mammals the vast majority of genes from one X chromosome is silenced to correct for the double amount of X-chromosome genes (177) . Inactivation of the X-chromosome is regulated spatially and temporarily due to the controlled transcription of the lncRNA Tsix and its antisense counterpart Xist, which is acting at the same time as a molecular signal and as a guide for the polycomb repression complex 2 (PRC2). PRC2 is a chromatin modifying complex that silences genes by methylation of histone 3 and, in early developmental stages, the loading of PRC2 onto the chromatin is prevented by Tsix (233, 253) . After Xist transcription, PCR2 is recruited to the nucleation site of inactive X-chromosome (305) . Finally, Xist spreads through the entire X chromosome, which is turned into transcriptionally inactive heterochromatin (49, 180, 223) . Additionally, Xist promotes this silencing by interaction with SHARP, a protein that recruits SMRT and HDAC3 to exclude Pol II from the inactive X (185).
This whole procedure shows how one single lncRNA can itself be regulated by a complex interplay of other cis-lncRNAs. Especially the sense/antisense regulatory pairing as seen here by Xist/Tsix seems to be a control mechanism repeatedly observed (72, 133) .
Another example of antisense/sense pairing is the action of Airn on the paternal Igf2r cluster (150, 200, 245) . Airn is a macroRNA, 108 kb in size, which is transcribed only from the paternal allele antisense to the Igf2r cluster (245) . Like Xist, it functions in cis to silence Igf2r, Slc22a2, and Slc22a3 on the paternal allele. Similar to Xist, Airn regulates Slc22a3 expression by recruiting the histone methyltransferase EHMT2 to the genomic locus. Accumulated Airn at the promoter recruits EHMT2 and leads to target H3K9 methylation and allelic silencing (200) . Interestingly, in case of Igf2r-repression, Airn silencing does not even require a stable RNA product. The lncRNA transcription itself is sufficient to interfere with Pol II recruiting to the target (150) . The Airn sequence overlays the Igf2r promoter and this, by being continuously transcribed, prevents transcription initiation on the Igf2r promoter (150) . This way of regulation fits the characteristics of macroRNAs.
Like Airn macroRNAs are rather long, not conserved, inefficiently spliced, and have a short half-life (241) . It remains to be investigated whether there are more functional examples for this type of lncRNA.
Despite these well-known examples of cis-regulation (29, 140, 245) , it has been shown so far that the vast majority of lncRNAs are not acting in a cis-but a trans-regulatory manner (95, 96) . About 20% of the tested human lincRNAs are bound to PRC2 and others to other chromatin-modifying complexes. Moreover, a knockdown of HOTAIR and five other exemplary lincRNAs did not affect the expression levels of genes in vicinity, suggesting a trans-mechanistical regulation (135).
The human HOX loci harbor the sequences for over 200 lncRNAs (242) . One of them is the trans-regulatory acting lncRNA HOTAIR (HOX Antisense Intergenic RNA) (228) . It arises from the HOXC locus, but acts as a repressor of the HOXD locus which is not even on the same chromosome (228) . HOTAIR physically associates not only with PRC2 but also with LSD1 (Lys-specific demethylase 1), both of them chromatin modifying proteins (265) . HOTAIR acts as a scaffold by providing binding platforms to arrange the interaction of multiple enzymes, a function that has been described for many different lncRNAs.
LncRNAs can also arise from enhancer elements and may have enhancer-like functions. Enhancers are regions of DNA that can be bound by proteins to activate the transcription of their targeted genes (209) . This is often, but not always, related to nearby located genes. Enhancer elements can activate genes independently of their genomic distance, orientation, and location (34, 210) . Enhancer regions are one part of the complex machinery making it possible to adapt gene expression to specific events. It is likely that there are more than 1 million enhancer regions existing (213) . A large number of enhancer regions produce RNA, the so-called eRNA or enhancer-associated lncRNA (elncRNA) (137) . This class of long non-coding RNAs is detected in most cell types (199) . Recent discoveries showed a role for eRNA in promoting gene expression through chromatin accessibility (198) . It is not yet clear what part eRNAs play exactly in the regulation of enhancer activity. However, the production of eRNAs seems to be linked to enhancer activity. Loss-of-function studies showed that degradation of eRNA is enough to reduce expression of neighboring genes (162, 211, 282) .
In the cytoplasm, non-coding RNAs can alter mRNA stability, protein trafficking, or stability (192) . The regulation of the nuclear factor of activated T cells (NFAT) in the cytoplasm shows a complex organization of a lncRNA and several proteins. Using a shRNA collection to inhibit selected lncRNA candidates, a "dramatic activation" of NFAT was shown after targeting one specific lncRNA: NRON (non-coding repressor of NFAT) (289) . A model was suggested where NRON complexes with proteins to regulate the trafficking of NFAT. The lncRNA serves as a platform of a high-molecular-weight complex; NRON stabilizes the scaffold protein IQGAP, resulting in a complex of NFAT and NFAT kinases in resting cells. The action of NFAT is regulated by its phosphorylation level. In the case of suiting stimuli of the cell, NFAT dissociates from the complex, is dephosphorylated and shuttled into the nucleus, where its leads to the expression of NFAT-regulated genes (243, 289).
Regulation of mRNA processing/posttranscriptional control
Since lncRNAs are very versatile regulators, they can exert their function in different compartments of the cell. Most of the in detail investigated lncRNAs so far are acting in the nucleus on the regulation of gene expression itself (e.g., H19, involved in imprinting; Anril, recruitment of PRC2 and PRC1; NEAT1, assembly of paraspeckles) (142, 179, 238, 298) . However, there are also examples showing regulation at the mRNA level in the cytoplasm (see below for examples).
The lncRNA TINCR (terminal differentiation-induced ncRNA) was shown to be required for the control of human epidermal differentiation. It is a lncRNA 3.7 kb in size and is highly enriched in the cytoplasma of keratinocytes (144) . TINCR is needed for normal induction of key protein mediators of epidermal differentiation, which was investigated by RNAi lack-of-function studies (144) . Interestingly, a genome-wide interaction analysis revealed that TINCR interacts directly with a specific set of differentiation-associated mRNAs to stabilize them and keep up their abundance. The interaction is mediated via a so-called "TINCR box," a 25-nt motif enriched in target mRNAs as well as in TINCR itself which was detected by a de novo motif search. It was also shown that TINCR forms a complex with STAU1 to enable the interaction with mRNAs. STAU1 is a known RNA-binding protein, with no known involvement in epidermal differentiation so far (66, 136) . TINCR seems to interact with STAU1 to form a complex necessary for mRNA stabilization (144) , demonstrating a surprising mode of action of a non-coding RNA.
lncRNAs are often reported to be involved in the regulation of cell survival or apoptosis. Driven by the hypothesis that cell-cycle genes could harbor lncRNAs, Hung et al. (115) screened the genomic region of cyclins, cyclindependent kinases (CDK) and their inhibitors (CDKI) for potential lncRNA hits (115) . This group discovered PANDA (P21 associated ncRNA DNA damage activated) to be a 5=-capped and polyadenylated nonspliced lncRNA that is transcribed antisense to the CDKI-coding gene CDKN1A. PANDA promotes cell survival by interacting with the transcription factor NF-YA and keeping it from occupying target gene promoters. PANDA and CDKN1A expression is both p53-dependent, but interestingly CDKN1A encodes a cell cycle inhibitor to mediate cell cycle arrest, whereas PANDA promotes cell survival by turning on the apoptotic gene expression program. The lncRNA acts as a RNA decoy by titrating away the transcription factor from its target. Intriguingly, the CDKN1A promoter not only codes for PANDA, but also four other lncRNAs. In 2010, the p53-induced lncRNA lincRNA-p21 (113) was identified which is located 15 kb upstream of CDKN1A and was reported to interfere with the cell's response to DNA damage. All these multiple transcripts encoded in the regulatory sequence upstream of CDKN1A acting on the same biological pathways seem to cooperate to regulate DNA damage response.
The above named examples illustrate the versatile and fascinating biology of lncRNAs and importance for the cell.
C. Functions of CircRNAs
CircRNAs were already described in the early 1990s, when Nigro et al. (203) performed a RNA expression assay and identified several abnormal spliced transcripts. These transcripts seemed to be somehow "scrambled" and joined at the ends. These "scrambled exons" showed for the first time a circular shape of RNA but seemed to be very low expressed (203) . This assumption was contrasted when Capel et al. (38) published in 1993 a study about the circRNA Sry, which represents the most abundant RNA transcript in mouse testis.
First functional studies identified several modes of action for circRNAs (123) . CircRNA expression is highly cell-type specific and well conserved among species (124, 236) . In addition, circRNAs are more stable than associated linear mRNAs (124) .
Certain circular RNA transcripts have been shown to arise from the exons of the Fmn gene, which is important for mouse limb development. Their high level of expression suggested an important biological role (43) . The authors of this study proposed a function of the circRNA as a mRNA "trap"; the formation of circular RNA traps the transcript coming from the Fmn gene and regulates that way the level of the resulting protein (43) . 
IV. ROLE OF ncRNAs IN ANIMAL DEVELOPMENT
MiRNAs are conserved molecules with tightly regulated expression patterns that play an important role in development. As a matter of fact, mice lacking miRNAs because of Dicer deletion die at embryonic day 7.5 showing a depletion of multipotent stem cells (19) .
To circumvent the lethality of Dicer deletion during embryonic life, several conditional knockout mice have been created, showing that, at least in mice, the lack of Dicer and, likely, the lack of miRNAs as well, leads to impaired morphogenesis of the lung epithelium (104), the vertebrate limb (103) , and the skin (6, 299) . In the heart, conditional knockout of Dicer leads to progressive dilated cardiomyopathy and heart failure (44) as well as congenital cardiovascular abnormalities (239) . The role of specific miRNAs in the development of different organs and systems has been reviewed in detail (240) . In the following paragraph we summarize recent evidences for lncRNAs involved in animal development and specifically in cardiac development.
Developmentally complex organisms harbor an increasing number of lncRNA loci in their genomes and these ncRNAs appear to regulate a number of developmental processes, such as cell differentiation, organogenesis, genomic imprinting, and dosage compensation (73) . Several lncRNAs are already known to play a role in neurodevelopment (47) . The importance of lncRNAs in development is also demonstrated by the fact that RNA modifications such as N 6 -methyl-adenosine (m6A), which are commonly found in mRNAs, are also present on lncRNAs during development. These lncRNAs are conserved, abundant, and necessary for proper differentation and exit from the pluripotency state of mouse and human embrionic stem cells (15) .
One fundamental step of development is the transition from a pluripotent stage to a differentiated one, which is markedly accompanied by substantial epigenetic changes. Here, lncRNAs seem to play a crucial role in the maintenance as well as in the loss of pluripotency in embryonic stem cells. Guttman et al. (95) performed a comprehensive loss-offunction study on most lncRNAs expressed in mouse embryonic stem cells. This led to changes in gene expression that are comparable to the ones caused by the knockdown of known transcription factors involved in stem cell biology, including exit from the pluripotency state or upregulation of lineage commitment programs (95).
An important epigenetic event that is associated with the loss of pluripotency in embryonic stem cells is the inactivation of the X chromosome. This is a process in which the lncRNA Xist and its antisense counterpart Tsix were shown to play a key role (154) . Reprogramming of adult differentiated cells into induced pluripotent stem cells (iPSCs) requires the reactivation of the X chromosome (XCR), which is directly linked to pluripotency. Payer et al. (221) have shown that the germline factor PRDM14 and the lncRNA Tsix are required for XCR and deficiencies in both factors can impair XCR and acquisition of pluripotency of iPSCs.
Another lncRNA that can control pluripotency as well as neural lineage commitment is the lncRNA called TUNA (Tcl1 upstream neuron-associated lincRNA). Through the generation of a shRNA library targeting lncRNAs in mouse embryonic stem cells Lin et al. (167) identified 20 lncRNAs involved in the maintenance of a pluripotency state. In particular, they found the lncRNA TUNA to form a complex with other RNA binding proteins to target the promoters of Nanog, Sox2, and Fgf4. In addition to showing an expression profile restricted to the central nervous system, TUNA is conserved in humans and zebrafish, where its knockdown caused impairment of the locomotor functions. Furthermore, expression of TUNA correlates significantly with the severity of Huntington's disease in humans (167) .
The lncRNA linc-RoR was found to be a competing endogenous RNA that shares common miRNA-response elements with Oct4, Sox2, Nanog, and other key transcription factors of pluripotent stem cells. Therefore, linc-RoR may prevent the miRNA-mediated suppression of these transcription factors and maintain the self-renewing potential of embryonic stem cells (284) .
Apart from having a key role in stem cell differentiation, lncRNAs are also involved in the establishment of pregnancy in animals. Neat1, in particular, is a lncRNA that can be found in animal cells as a component of nuclear bodies called paraspeckles. The physiological role of Neat1 is not well understood, even if it is clear that Neat1 is a regulator of gene expression through retention of hyperedited mRNAs and/or transcription factors (see FIGURE 4).
It has been shown that Neat1 is crucial for pregnancy in mice. In fact, Neat1 knockout mice show normal ovulation but fail to become pregnant due to a severe impairment of luteal tissue formation and consequent low progesterone (201) .
Interestingly, Neat1 is also involved in the development of mammary gland and lactation. When Neat1 is genetically removed, the morphogenesis of mammary gland is severely impaired causing defects in lactation. These negative effects are due to the decreased ability of the mutant cells to undergo high rates of proliferation during lobular-alveolar development, linking for the first time the formation of Neat1-paraspeckles to a specific biological function in vivo (249) .
Finally, another lncRNA involved in human pregnancy is Meg3. In particular, the lncRNA Meg3 is downregulated in placental samples from preeclamptic patients and gain-and loss-of-function experiments done in two different trophoblast cell lines showed that Meg3 can reduce apoptosis and promote migration of trophoblast cells, influencing in addition the expression of NF-B, caspase-3, and Bax protein.
Abnormal levels of Meg3 during pregnancy in trophoblast cells might be underlying the failure of uterine spiral artery remodeling contributing to preeclampsia (304) .
A. LncRNAs and Cardiac Development
LncRNAs are not only involved in general developmental aspects but also for selected organ-specific developments.
NON-CODING RNAs IN DISEASE
The first example of a lncRNA required for cardiomyocyte lineage commitment is the lncRNA Braveheart (Bvht) (138) . The function of Bvht is to promote the expression of the protein mesoderm posterior 1 (MesP1), which is necessary for the development of cardiovascular progenitor cells. This function is probably carried out via the inhibition of PRC2-mediated silencing. However, the involvement of Bvht in heart development could only be described in mice, as this lncRNA is not conserved in humans, limiting translational implications of this study.
Epigenetic modulation of gene expression is crucial in developmental programs, and other lncRNAs seem to be involved in this process. The lncRNA Fendrr, for instance, was shown to be essential for proper heart development and probably exerts its functions at least in part by binding to chromatin remodeling complexes such as PRC2. As a matter of fact, mouse embryos lacking Fendrr show upregulation of transcription factors involved in lateral plate and cardiac mesoderm development (91) . This upregulation correlates with a decreased occupancy of such factors by PRC2 complex as well as with epigenetic signatures of active expression. Since Fendrr can bind to epigenetic modifying complexes including both PRC2 and TrxG/MLL, it was suggested that the function of Fendrr could be to modulate the activity of such complexes to promote proper development of lateral mesoderm (91).
The regulatory networks involving lncRNAs in development are often complex. Examples are the lncRNAs SRA1 and linc-MD1, both involved in cell lineage differentiation, whose regulation must be tightly controlled in space and time. Linc-MD1 was first described as a sponge for miR-133 and miR-135, preventing these miRNAs from targeting Mef2c and Maml1, whose de-repression leads to muscle differentiation (41) . More recently, a circuit of negative and positive feedbacks involving the ncRNAs linc-MD1, miR-133, and HuR protein during the early phases of muscle differentiation was described (157) (see FIGURE 5) .
Specifically, the regulation of linc-MD1 expression can activate the progression towards later stages of muscle differentiation. Linc-MD1 forms a sponge for miR-133 and miR-135 and, interestingly, miR-133 is hosted by the linc-MD1 gene itself. Thus the transcription of one non-coding molecule excludes the biogenesis of the other. The factor controlling this switch between linc-MD1 and miR-133 is the HuR protein, which is targeted by miR-133 and normally triggers the accumulation of linc-MD1 by binding to the transcript and inhibiting Drosha cleavage (FIGURE 5). On the other hand, since HuR is a miR-133 target, the sponging activity of linc-MD1 reinforces HuR expression. Furthermore, HuR can cooperate with linc-MD1 in the cytoplasm, increasing the sponging ability of linc-MD1. The exit from this regulatory circuitry is triggered by an increase in miR-133, which is promoted by two unrelated miR-133 loci, bringing to linc-MD1 downregulation and progression to later muscle differentiation stages.
Characteristics of the lncRNA SRA1 (steroid receptor RNA activator 1) include having a protein-coding counterpart arising from the same genomic location. SRA1 increases the activity of the transcription factor MyoD (myogenic differentiation 1), leading to myogenic differentiation. The SRA (steroid receptor RNA activator) gene has the property of functioning both as a ncRNA and a protein (SRAP) due to the alternative splicing of the first intron (114) . Differently from SRA1, SRAP protein antagonizes muscle differentiation and the function of the lncRNA SRA1 by binding to its functional substructure STR7 (FIGURE 6).
Additionally, many other lncRNAs have been described to be potentially important for muscular and/or heart development. However, clear insights into detailed functions and mechanisms are still missing. As an example, Matkovich et al. (182) identified 117 cardiac-enriched lncRNAs and compared expression profiles of these ncRNAs in normal embryonic, normal adult, and hypertrophic adult hearts. This group elegantly described a subset of lncRNAs that are characterized by a specific abundance in the embryonic heart tissue, which is slightly reflected in hypertrophic hearts. In some cases, these lncRNAs can directly regulate coding genes located in a 10-kb range of distance from their own locus or modulate NFkBand CREB1-regulated genes, suggesting their importance for embryonic heart growth (182).
Further information on lncRNAs potentially important for heart development comes from the analysis of non-coding molecules that are deregulated in congenital heart diseases, which arise from abnormal heart development during embryogenesis. An insight into the role of lncRNA in the development of the cardiovascular system was provided by Song et al. (247) by finding an association between these non-coding molecules and ventricular septal defects (VSD). VSD are a common form of congenital heart disease and are tightly linked to a correct developmental program in the heart. The cause of such defects is currently not known, but the expression profile of lncRNAs is dramatically different in the heart tissue of VSD patients. In particular, the expression of two lncRNAs, ENST00000513542 and RP11-473L15.2, strongly correlated with the occurrence of VSD (247).
V. FUNCTIONS OF ncRNAs IN THE CARDIOVASCULAR SYSTEM
A. MiRNAs and LncRNAs in Cardiac Biology
Several excellent review articles are available about the importance of miRNAs in cardiac diseases (147, 208 Pre-miR-133b
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Linc-MD1 gene Drosha FIGURE 5. Feed-forward regulatory loop involving HuR protein and linc-MD1. In early phases of myogenesis, HuR protein consolidates the expression of linc-MD1, via inhibiting its Drosha-mediated cleavage. Therefore, the intact linc-MD1 transcript is free of sponging miR-133b, preventing the degradation of HuR. In late phases of myogenesis, an increase of miR-133b from unrelated loci leads to downregulation of HuR and consequent cleavage of linc-MD1 to generate further pre-miR-133b. is activated in both mouse models and humans with pathological cardiac remodeling (262, 266) . Both in genetic and pharmacological deletion models, miR-132 silencing shows therapeutic efficacy to block cardiac remodeling by normalization of cardiac size and inhibition of fibrosis (266), paving the way for potential future clinical trials to block pathological cardiac remodeling in patients. Another miRNA with similar potential use is miR-25, and both miR-132 and miR-25 have been shown to target an important calcium handling protein in the cardiomyocyte, e.g., SERCA2 (280). However, there are conflicting results in the literature regarding miR-25 as a therapeutic target in cardiovascular disease. Another group has shown that in vivo inhibition of miR-25 by a specific miRNA inhibitor evoked spontaneous cardiac dysfunction and sensitized the murine myocardium to heart failure in a Hand2-dependent manner (65) . There have been differences in the used chemistry and trial design in these two studies; for sure, more validation experiments need to be done to characterize the role of miR-25 better in cardiac diseases.
As miRNAs, also lncRNAs have been shown to regulate cardiomyocyte function (61, 261 ). An example is the lncRNA Chrf (cardiac hypertrophy-related factor). Chrf acts as a competing RNA and sequesters miR-489, thereby leading to cardiac hypertrophy (283) . A more cardiac-specific antisense lncRNA, named myosin heavy-chain-associated RNA transcript (Mhrt), also exerts interesting cardiomyocyte functions; inhibition of Mhrt expression led to the induction of cardiomyopathy subsequent to pressure overload, whereas restoring Mhrt expression protected the heart from the development of hypertrophy and heart failure. Mhrt binds to the helicase domain of the transcription activator Brg1, which is essential for tethering Brg1 to its DNA targets, and prevents the expression of genes that are induced during stress through a Brg1-mediated chromatin remodeling mechanism (100).
Another recent publication identified the lncRNA Chast to promote cardiac remodeling and hypertrophy. The authors performed a global lncRNA expression profiling in mouse hearts exposed to 6 wk of transverse aortic constriction (TAC) or Sham. They found a set of 1,237 upregulated lncRNAs versus 1,623 downregulated lncRNAs. After stringent exclusion and selection of candidates, 22 lncRNAs were investigated. Silencing of Chast in vivo after TAC was beneficial in the mouse model, and the conservation of the lncRNA indicates the potential as a therapeutic target (277) . These examples show the importance of lncRNAs in cardiomyocyte biology especially as therapeutic targets. Only a few lncRNAs have been functionally investigated in terms of cardiovascular biology, and it is more than likely that many exiting observations and potentially clinical useful targets will be discovered in the future.
B. MiRNAs and LncRNAs in Vascular Biology and Ischemia
NcRNAs have been shown to be crucial for the maintenance of vascular function. Certain miRNAs, that are activated during vascular stress such as miR-92a or miR-24, have been used as therapeutic targets, e.g., by injecting miRNA inhibitors in small and large animal models of myocardial infarction (MI) or kidney ischemia (24, 76, 108, 170) . This shows the principal utility of miRNAs serving as powerful therpeutic targets to modulate vascularization in vivo. In contrast to ischemic organs, miR modulation can also be used to block vascularization in cancer; for instance, miR-92a delivery was shown to block endothelial proliferation in cancer models (7).
Currently much effort is undertaken to discover the role of lncRNAs in vascular biology. Mainly due to deep sequencing approaches, several endothelial expressed lncRNAs have been discovered such as MALAT1 or TUG1 (193) . Indeed, the inhibition of MALAT1 impairs retina or hindlimb vascularization and thus may be an interesting therapeutic target despite its global expression throughout many cells in the body (193) . Another recent report used next generation RNA sequencing to identify lncRNAs in human endothelial cells during hypoxia; several hypoxiasensitive lncRNAs were characterized in more detail, e.g., LINC00323 and MIR503HG. Silencing of these lncRNA transcripts led to angiogenic defects, including repression of growth factor signaling and/or the key endothelial transcription factor GATA2. Their potential clinical importance for vascular structural integrity was demonstrated in an ex vivo model of human induced pluripotent stem cellbased engineered heart tissue showing great value of these lncRNAs to modulate tissue vascularization (74) . The lncRNA p21 was shown to have a role in vascular endothelial apoptosis and cell cycle regulation (105) . In a first study in the field, Boeckel et al. (22) have shown that circular RNAs identified by computational analysis of RNA generated from human endothelial cells with and without hypoxia are differentially regulated. A specific circRNA candidate, cZNF292, was shown to have proangiogenic activities in vitro showing that indeed also circRNAs in the vasculature have biological roles (22) .
C. Role of MicroRNAs and LncRNAs in Fibrotic Diseases
Enhanced deposition of fibrous extracellular matrix occurs in the majority of human tissues as part of a physiological reparative response to acute tissue damage, leading to wound healing and scar formation (259) . The term fibrosis, however, refers to a pathological and excessive tissue scarring which takes place during reactive responses to recurrent and persistent tissue injuries (77) . Therefore, fibrosis is a common feature of many chronic diseases. Renal, hepatic, pulmonary, and cardiac fibrosis are among the most common fibrotic diseases, and several reports described the role of different miRNA species in promoting or inhibiting fibrosis in these organs.
MiRNAs commonly involved in fibrotic diseases, whose expression can be regulated by a key profibrotic molecular signal such as transforming growth factor (TGF)-␤, are miR-21, miR-29, and members of the miR-200 family.
MiR-21 and miR-29 have been shown to have, respectively, a pro-and anti-fibrotic role in well-established mouse models of kidney fibrosis, such as unilateral ureteral obstruction (UUO) or ischemic reperfusion injury (IRI). Under these conditions, expression of miR-21 increases, due to binding of R-Smads to the miR-21 promoter (306). Moreover, pharmacological inhibition of this miRNA attenuates fibrosis in the kidneys (306) . On the contrary, expression of miR-29 decreases during kidney fibrosis (281) , and its repression may be due to binding of Smad3 to a regulatory region located upstream from the miR-29b-2/29c cluster (225) . Different from miR-21, restoration of miR-29 expression in vivo has a protective effect against renal fibrosis (225) .
MiR-29 is also involved in liver fibrosis, as shown by Roderburg et al. (230). As a matter of fact, miR-29 downregulation in hepatic stellate cells is dependent on TGF-␤1 and NF-B signaling and leads to the upregulation of extracellular matrix genes (230).
Furthermore, miR-21 and miR-29 have also been described in lung fibrosis. miR-21 upregulation is induced by TGF-␤ in mice with bleomycin-induced lung fibrosis and promotes the activation of fibroblasts by targeting SMAD7 (169) . MiR-29, on the contrary, is downregulated in the same model and appears to be repressed by TGF-␤ in human fetal lung fibroblast. Knockdown of miR-29 in these cells leads to derepression of extracellular matrix genes and fibrosisrelated genes (54) .
Additionally, miRNAs can regulate a process called epithelial-to-mesenchymal transition (EMT), which can be activated during tissue fibrosis and that consists in the loss of epithelial cell-cell and cell-basement membrane interactions followed by acquisition of mesenchymal properties (120) . TGF-␤ can induce EMT through activation of the transcription factors ZEB1 and ZEB2. However, members of the miR-200 family can prevent EMT by repressing both factors (88) . Furthermore, endothelial-to-mesenchymal transition (EndMT) has been shown to occur during fibrosis and to be dependent on the TGF-␤-induced deregulation of miR-21 expression (149).
This antifibrotic role of miR-200 has been investigated in fibrotic kidneys (21423249), as well as in mouse models of lung fibrosis, where miR-200a, miR-200b, and miR-200c appear to be significantly downregulated (296 Further insights into the role of lncRNAs in fibrotic diseases come again from the nephrology field. As a matter of fact, under hyperglycemic conditions, miR-1207-5p and its host lncRNA plasmacytoma variant tanslocation 1 (PVT1) are expressed in human kidney cells and can increase the levels of plasminogen activator inhibitor 1 (PAI-1), TGF-␤1, and fibronectin 1 (FN1) (3). Importantly, both regulation and functions of miR-1207-5p seem to be independent from the ones of PVT1 (3).
To identify lncRNAs that are deregulated in the course of lung fibrosis, Cao et al. (37) used a rat model of bleomycin-induced lung fibrosis in which they performed a microarray-based profiling of lncRNAs. Among the microarray hits, they could identify the lncRNAs AJ005396 and S69206, which were upregulated in the fibrotic lungs and localized in the cytoplasm of interstitial lung cells. The function of these ncRNAs, however, remains to be elucidated.
Furthermore, the conserved lncRNA maternally expressed gene 3 (Meg3), whose function has been so far mainly associated to repression of cancer growth, was recently discovered to be also an inhibitor of hepatic stellate cell activation and liver fibrogenesis (106) . As a matter of fact, Meg3 is downregulated in a mouse model of liver fibrosis and in human fibrotic livers, likely due to hypermethylation of its promoter. Moreover, overexpression of this lncRNA in immortalized human hepatic stellate cells inhibited TGF-␤1-induced proliferation and promoted apoptosis via activation of p53 (106) . However, Meg3 effects in other fibrotic diseases are not known so far.
NON-CODING RNAs IN DISEASE
As anticipated, cardiac fibrosis is a hallmark of several cardiac pathologies implying a chronic myocardial stress. Fibrotic remodeling of the heart, however, is also a long-term consequence of myocardial infarction which leads to the replacement of necrotic tissue with a nonfunctional collagen-based scar as well as to the development of fibrosis remote from the infarct zone. The basic aspects of cardiac fibroblast biology and the involvement of ncRNAs in the regulation of cardiac fibroblast functions will be discussed separately in the following paragraphs.
MiRNAs, lncRNAs, and cardiac fibrosis
Fibroblasts are resident cells of connective tissues that generally have a mesenchymal origin. Key function of fibroblasts in all connective tissues across the human body is the production and homeostasis of the extracellular matrix (ECM). In spite of this functional feature, however, fibroblasts are more often identified on the basis of morphological characteristics, as spindle-shaped, flat cells showing multiple processes originating from the cell body. Above all, fibroblasts do not have a basement membrane, and this feature clearly separates cardiac fibroblasts (CFs) from all other permanent cell types of the heart (36).
CFs represent a major cardiac cell type which, in some organisms, can represent more than 50% of the total cardiac cell number (36) . The function of CFs is not only to produce ECM components but also to preserve the biomechanical, electrical, and chemical properties of the heart. Additionally, through the production of autocrine and paracrine factors and via cell-cell interactions, CFs maintain the cardiac three-dimensional structure (36) .
The notion that fibroblasts are a homogeneous cell type irrespective of their specific tissue location has been challenged by studies comparing the gene expression profiles of fibroblasts originating from different organs and showing that patterns of gene expression can highly vary between different fibroblast types (42) . In particular, CFs remain poorly characterized in molecular terms and investigation in vivo of the mechanisms involved in cardiac fibroblast physiology and pathology is challenged by the relative lack of specific fibroblast markers (248) .
Besides showing an increased proliferative activity during cardiomyopathy, CFs also tend to change their phenotype after stress and express specific markers of smooth muscle cells, especially the actin isoform ␣-smooth muscle actin (␣-SMA). CFs showing these phenotypic and functional changes are called myofibroblasts and are particularly important during tissue repair and scarring after myocardial infarction (288) . Myofibroblasts are indeed responsible for the organized deposition of matrix leading to the formation and subsequent remodeling of a scar at the site of infarction, where massive necrotic death of cardiomyocytes occurs. The origin of these differentiated cells remains unclear as well as the mechanisms leading to their persistence in the heart months and even years after infarction, causing fibrosis even in regions that are far from the site of injury. The mechanisms and functional importance of myofibroblast differentiation in cardiac pathologies other than myocardial infarction are still not well understood.
Of course, several growth factors and cytokines can influence the biology of CFs, and many of these molecules are also produced and secreted by fibroblasts themselves (276) . The best characterized factor in this sense is TGF-␤1. In the normal cardiac interstitium, TGF-␤ is present as a latent molecule unable to bind to its receptors (33) . However, following cardiac injury, latent TGF-␤ is activated, and levels of TGF-␤ consistently increase in models of cardiac fibrosis as well as fibrotic human hearts. TGF-␤ is a potent inducer of myofibroblast differentiation and leads to increased expression of ␣-SMA and type I collagen (33) . Additionally, TGF-␤ acts as a matrix-preserving molecule, by inducing the expression of protease inhibitors, and leads to increased CTGF levels, which is believed to cooperate with TGF-␤ to maintain a sustained fibrotic response (33) .
TGF-␤ also regulates expression of pro-fibrotic and antifibrotic miRNAs in the heart, while its effects on the expression of regulatory lncRNAs that might have a function in CF biology are currently unknown.
NcRNAs, especially miRNAs, are deeply involved in myocardial fibrosis (259) . As previously discussed, miR-21 and miR-29 have, respectively, a pro-fibrotic and an anti-fibrotic effect in several pathological conditions where tissue fibrosis is triggered. Similarly, these two miRNAs play a significant role in cardiac fibrosis.
MiR-21, in particular, is enriched in cardiac fibroblasts, regulating key pathways that are involved in CFs proliferation and activation. Moreover, miR-21 plays a role in the regulation of EndMT as well as EMT (28, 84) .
Investigators have shown that the ERK-MAP kinase pathway is under control, in CFs, of miR-21 (263) . Therefore, deregulation of miR-21 levels in CFs has a profound impact on ECM homeostasis. During heart failure, miR-21 expression is significantly upregulated in these cells, leading to an increased activation of the ERK-MAP kinase pathway. This occurs through the miR-21-mediated inhibition of sprouty homolog 1 (Spry1). Due to the action of miR-21, fibroblast survival and secretion of growth factors are affected, which correlates directly to the extent of fibrosis in the left ventricle and the hypertrophy of cardiomyocytes. Most importantly, the pharmacological silencing of miR-21 in vivo by using specific antisense chemistries is able to reduce the activation of the ERK-MAP kinase pathway and, consequently, the onset of fibrosis and hypertrophy following pressure overload (263) .
Later on, other studies have shown that miR-21 has also an impact on expression of MMP2 and TGF-␤ receptor type III, thus acting on multiple pro-fibrotic pathways (163, 232).
As described earlier in this review, the biogenesis of miRNAs gives rise to a guide miRNA strand, which is normally responsible for gene silencing and regulation of cellular functions, and to a passenger strand, which was long believed to be simply degraded and to have no functional meaning. Recently, the biological functions of passenger strands (also called "star" strands or miR*) have started to be unraveled, including the ones of CFs-derived miR*. Interestingly, miR-21 has a key function in cardiac fibroblasts that is not only mediated by the guide strand, but also by the passenger strand. As a matter of fact, it has been recently shown that miR21* is produced by CFs, incorporated into exosomes, and secreted in the extracellular environment, inducing cardiomyocyte hypertrophy via its paracrine effect on these cells (10) .
MiR-29 is also known to play a role in cardiac fibroblast biology. After myocardial infarction, miR-29 is downregulated in tissue areas that are close to the infarct zone (272) . This downregulation is particularly relevant, due to the fact that miR-29, as described earlier in this review, targets a set of mRNAs coding for ECM components, including several collagen types, fibrillin and elastin. This means that the downregulation of miR-29 induces, in vivo, the derepression of ECM components leading to increased accumulation of matrix in the myocardium. Corresponding effects of miR-29 are observed in vitro when this miRNA is either artificially repressed or overexpressed (1) . A potential role of miR-29 in other cell types such as cardiomyocytes remains to be investigated.
MiR-101 is additionally expressed in cardiac fibroblasts and silences the transcription factor c-fos leading to overexpression of its downstream target TGF-␤1 and, consequently, to fibrosis development (216) .
MiRNAs can contribute to the development of cardiac fibrosis even when their expression is typically observed in other cardiac and non-cardiac cell types. miR-1 and miR-133, for instance, are enriched in cardiomyocytes and can prevent cardiac fibrosis both directly and indirectly through regression of cardiac hypertrophy (132, 183) . Furthermore, miRNAs might provoke a fibrotic response in the heart via immune cells such as macrophages, which express high levels of miR-155. The inhibition of this miRNA in mice reduces cardiac inflammation, hypertrophy, and dysfunction after pressure overload (107) .
Evidence for lncRNAs to regulate cardiac fibroblast biology or to have a role in the development or progression of cardiac fibrosis is still very limited.
Expression profiles of lncRNAs have been analyzed by Jiang et al. (128) in angiotensin II (ANG II)-treated rat cardiac fibroblasts using a microarray-based approach. Alterations in lncRNA expression were accompanied by changes in mRNA levels indicating the activation of cell proliferation. The authors found that ANG II can dynamically regulate the expression of lncRNA-NR024118 and of the cell cycle inhibitor Cdkn1c, leading to downregulation of both (128) . The angiotensin receptor blocker losartan, whose action is specific for the receptor tipe AT1, reversed the decrease of lncRNA-NR024118 and Cdkn1c while AT2 blockage did not lead to the same results, showing that the decrease of lncRNA-NR024118 and Cdkn1c induced by ANG II is mediated by AT1 receptor-dependent signaling (127) .
However, the above-mentioned studies represent, so far, the only findings regarding lncRNAs in cardiac fibroblast biology and do not provide any functional information on NR024118 via gain-or loss-of-function experiments in vitro or in vivo, as well as any hint on the potential mechanism of action of this NR024118. Furthermore, there is no evidence, at present, about lncRNAs that can influence the development of cardiac fibrosis in vivo.
VI. TOOLS AND METHODS
A. Investigating miRNAs
MiRNA techniques have already been described in detail (see Refs. 55, 75, 270). Therefore, we will only give a very broad overview. The detection of miRNAs is usually done by two methods: the application of microarrays or detection by deep sequencing approaches. Deep sequencing is a more sensitive approach compared with microarray-based systems. It can also lead to the discovery of novel RNA sequences, while microarrays make use of a defined set of probes for detection. On the other hand, analyzing the output is more complex due to the massive amount of data, and high need of bioinformatic skills.
Validation of the screening results can be done with low effort and relatively low costs by quantitative real-time PCR (qRT-PCR). Former challenges harbored the design of the primer, to do reverse transcription because the transcript is so short. To date, there are many platforms available that offer optimized target-specific stem-loop reverse transcription primers. Other detection methods for defined miRNAs are Northern blotting and in situ hybridization (ISH).
MiRNAs often target not only one mRNA but multiple genes. Bioinformatic platforms are commonly used as a method to look for targets of a miRNA. Targetscan (160), miRanda (129) , PicTar (143), or MicroCosm targets (89) are just some of numerous platforms available . TABLE 2 gives an overview about several databases available.
Following bioinformatic-based predictions of targets of miRNAs, luciferase assays are often used to validate the predicted target. The 3' UTR of a putative target is cloned into a luciferase reporter downstream of the luciferase gene. A cell line is then cotransfected with the plasmid and the miRNA of interest. When the miRNA binds to the 3= UTR of the potential target, the luciferase expression will be repressed. This way the luciferase activity goes down.
The expression level of a miRNA in vitro/in vivo can be altered by the application of miRNA mimics or antimiRNAs, and it is discussed in more detail in the translational chapter.
Two excellent methodological reviews have been given by Eva van Rooij about the research of miRNA in general (270) and by Dangwal, Bang, and Thum with the focus on novel techniques (55).
B. Investigating lncRNAs
Next-generation sequencing is an efficient method to collect data sets with high accuracy and relatively low costs. To use the gathered data and analyze for lncRNAs, suitable bioinformatic workflows need to be applied. In addition, there are commercial arrays available to analyze the deregulation of a specific set of lncRNAs (e.g., Arraystar, Qiagen, Biocat, and many more). Another possibility to investigate the influence of lncRNAs is to make use of a genome-wide shRNA library to target a specific set of lncRNAs. Such a library can be applied and combined with other assays to measure the influence of lncRNA inhibition on signaling pathways or cell behavior. For instance, the lncRNA TUNA was identified by applying a shRNA library targeting 1,280 lincRNA in mouse embryonic stem cells containing Oct4-GFP (167) . A review published in 2014 by Mohr et al. (195) summarizes nicely the assets and drawbacks of RNAi techniques.
To validate results obtained from a screen for lncRNAs, it is especially important to design primers exclusively detecting the ncRNA transcript. This design is crucial to distinguish coding from non-coding regions. Usually, the expression of a lncRNA is low. Also, the annotation of lncRNAs is still evolving and is not necessarily consistent throughout the different databases (like Refseq, UCSC, Ensembl). Often, lncRNAs are transcribed from pseudogenes, and corresponding primers not only detect the long non-coding transcript but also the original gene. Another difficulty occurs when lncRNAs are encoded sense or antisense to a known protein-coding gene.
To inhibit lncRNAs in vitro, different chemistries can be used. The so-called GapmeR technology will be discussed in translational section of this review. Cells can also be transduced with shRNAs targeting lncRNAs. in the cell. To do so, ultraviolet (UV) light is used to crosslink RNA and interacting proteins. Denaturing conditions are applied to crack noncovalent interactions. A mass spectrometry analysis is followed to identify binding proteins. To improve the sensitivity even more, cells can be cultured in SILAC medium to label the proteins and increase the accuracy of the mass spectrometry analysis. Applying this method to identify XIST-interacting proteins, the group was able to show interaction with 10 different proteins with high reproducibility. McHugh et al. (185) applied intense and multiple controls to narrow down the amount of false-positive detections. First, they compared the MS results from the XIST pulldown with the results from an abundantly expressed small nuclear RNA U1. Then, RAP was performed in cells not expressing XIST (uninduced cells) and in cells not crosslinked with UV prior to pulldown. Additionally, another nuclear enriched lncRNA was used for the pulldown. The advantage of this method is to first induce the lncRNA expression and then purify the lncRNA-protein complexes right from the cell without adding the lncRNA to a prepared cell lysate. This way many nonspecific interactions can be avoided. The addition of multiple, detailed controls increases the yield and reproducibility.
It is also important to validate an annotated sequence length of a newly discovered lncRNA. With the use of rapid amplification of cDNA ends (RACE), it is possible to amplify a lncRNA between a defined position inside the lncRNA and the 3' or 5' end of the sequence. This amplicon can then be cloned and sequenced to detect/validate the actual sequence.
To understand the role of a lncRNA in vivo, it is crucial to perform detailed loss-or gain-of-function studies. Making use of lentiviral overexpression to study the function of a lncRNA may however harbor some problems. Due to the random integration into the genome important genes might be disrupted. Also, there are limitations to influence the position of integration. However, for a lncRNA, its genomic position may be important because the molecule might influence genes in its vicinity. A very helpful guide about considerations before performing in vivo studies about lncRNA functions has been given by Bassett et al. (13) .
Numerous lncRNA databases are available to search for lncRNAs and first hints of possible interactions and functions. A summary about some tools is given in the TABLE 3.
C. Investigating circRNAs
A completely new set of potential circRNAs can be predicted by screening existing RNA-sequencing data for circular RNAs (237) . Long-read RNA-sequencing data can be used to screen for potential circRNAs. The algorithm needs to be specified for this special kind of molecules, since it might have been backsplicing to be produced. Two reports nicely show how a computational pipeline can be constructed to specifically detect new circRNAs (92, 186) . Indeed, application of such new algorithms to RNA-sequencing data gives hints on potential existing circRNAs. The validation of these ncRNAs is in particular special, because obviously the gene where it is coming from has a different orientation. Exonic circRNAs need to be distinguished from other "backspliced" RNA molecules. These are molecules where the order of the exons is reversed compared with the annotated gene product (see Ref. 123) .
To verify the predicted circRNAs, the expression can be accessed by using divergent primers in qPCRs. These primers do not amplify towards each other but are amplifying away from each other regarding the genomic region. That way it is possible to amplify the circle without amplifying the genomic regions (123, 124) . Treatment of the sample with RNase R will further decrease the amount of linear RNAs (255) . Separation of noncircular and circular RNA molecules in a Northern blot is also possible as circular RNAs have a faster migration. Performing another run on the same samples after digestion with RNase H will lead to 
VII. ncRNAs IN THERAPY
With the discovery of the class of ncRNAs, a whole new field of mechanistic understanding and possible therapeutic interventions has evolved. Since microRNAs and also lncRNAs are involved in the regulation of a huge variety of diseases, it is a promising approach to convert new discoveries into therapies.
A. MiRNA Therapy
The group of miRNAs has been explored in some detail and several therapeutic interventions have been tested. In general, there are two different approaches to alter miRNA levels in disease settings. Their activity can either be beneficial or harmful. Thus its function can either be enhanced by mimicking miRNAs or they can be inhibited by targeting the miRNA sequence with antisense oligonucleotides (ASO).
Upregulation of miRNA for therapeutic approaches
To achieve an elevated expression level of beneficial miRNA, one can make use of adeno-associated viruses (AAV) or other viral gain-of-function approaches. Their injection leads to a transient introduction of gene copies into the host which drives a strong and long-lasting in vivo miRNA expression (139, 226) . With AAV injection it is also possible to transduce specific tissues because each individual serotype shows a tropism towards different organs. For instance, the AAV subtypes 6, 8, and 9 are cardiotropic when given systemically (175, 215, 285) . However, the distribution needs to be assessed individually because unintended upregulations in other organs are likely to occur. Novel AAV variants are necessary to target only specific organs or even specifc cell types by the use of cell-type specific promoters.
Another possibility is the use of miRNA mimicry to enhance the miRNA level. These miRNA "mimics" are small, synthetic, chemically modified double-stranded oligonucleotides. They are incorporated into the RISC complex and mimic endogenous miRNA functions. miRNA mimics are easy to synthesize, but their chemistry harbors some challenges in their delivery and design.
One example for an already developed miRNA therapy approach is MRX34 from Mirna Therapeutics to treat liver cancer (hepatocellular carcinoma; HCC). miR-34 is a naturally occurring tumor suppressor, and MRX34 mimics its function. MiR-34 delivery produced complete HCC regression in a mouse model (292 In general, reagents that target miRNAs need to pass the cellular membrane. They should be prevented from degradation, and they need to be highly stable. This comes into play for the chemistry of miRNA mimics as well as for miRNA inhibitors.
Inhibitory approaches
Downregulation of miRNAs can be achieved by targeting them with antisense oligonucleotides (ASO). These antimiRNAs (or antagomirs) are single-stranded oligomers, complementary to the targeted miRNA. Several chemical modifications have been tested to enhance pharmacodynamics and pharmacokinetics of miRNA reagents and improve their function (260) .
A modification on the parent phosphodiester backbone linkage creates an increased nuclease resistance and promotes cellular uptake. Furthermore, it improves binding to plasma proteins giving reduced urinary clearance (159) . A commonly used variant is to convert the phosphodiester into a phosphorothioate (PS), where a sulfur atom replaces one oxygen atom in the phosphate group. Additional modifications are possible when making use of non-ribose backbones like peptide nucleic acid oligos (PNA) or a phosphorodiamidate morpholino oligomer (PMO) (252, 271) .
The conjugation of cholesterol to the 3' end of sequence facilitates cellular uptake and promotes in vivo stability. Antagomirs are synthetic cholesterol-conjugated 2-Omethyl RNA oligos of ϳ21-23 nucleotides which fully complement the miRNAs and effectively compete with miRNA target mRNAs. They contain phosphorothioate moieties to increase their stability. Antagomirs have a stronger binding to the miRNA-associated gene silencing complexes (miRNA-RISCs) (145) .
The effect of modifications on the 2'-position of the sugar moiety is an increase in nuclease resistance and a higher affinity of Antagomirs oligonucleotides to their target miRNAs (56, 250) . Such modifications can be 2'-O-methylation, 2'-O-methoxyethylation, or 2'-O-F modifications. The introduction of a 2'-O,4'-C-methylene bridge leads to a locked nucleic acid (LNA) chemistry.
LNA chemistry improves target affinity. They harbor a methylene bridge to lock the furanose ring. This leads to a higher efficiency and makes it possible to use shorter sequences to target the miRNA's seed sequence ("tiny LNA") (67, 205, 212) . These tiny LNAs can be used to affect a whole family of miRNAs, because not the whole sequence is needed. Since a whole family of related miRNAs can be involved in a disease, tiny LNAs are a promising approach to target the whole group of disease-associated miRNAs without the need to address them individually. A study by Bernardo et al. (18) from 2012 compared the outcome of targeting only one member of the heart failure-related miR-34 family with the outcome after targeting the whole family with one tiny LNA. The level of the miR family members miR-34a, miR-34b and miR-34c are elevated in cardiac tissue in response to stress and thus they are a promising target for therapeutical approaches. Mice subjected to MI received a 8-mer LNA against the miR-34 familiy or a 15-mer LNA against miR-34a alone. The mice receiving LNA targeting miR-34a showed no benefit after MI. Interestingly, mice treated with the tiny LNA targeting multiple miR34 forms showed attenuated MI-induced morphological changes and improved functions (18) . However, a greater specificity is only given when using anti-miRNAs complementary to the individual full length miR sequence. Also, there are sometimes sequences outside the miRNA seed sequence that are important for the function of a miRNA (148) . Thus great care is needed when so-called tiny miRNA inhibitors are developed.
Another compound, N,N-diethyl-4-(4-nitronaphthalen-1-ylazo)-phenylamine ("ZEN"), increases binding affinity and blocks nuclease degradation when positioned at or near each end of a single-stranded oligonucleotide (158) .
This and many other oligonucleotide modifications may influence the inhibitory effects and need to be assessed individually.
Recently, a clinical translational approach was published, where a miRNA inhibition approach was used to treat patients with viral hepatitis C. The drug called "miravirsen" is a mixed locked nucleic acid (LNA)/DNA phosphorothioated sequence complementary to the 5' region of miR-122. This liver specific miRNA is needed in the life cycle of hepatitis C. Using LNA makes the reagent resistant to nuclease degradation and equips it with high affinity towards its target. It has recently been shown that miravirsen not only functions through the binding of mature miR-122, but also binds the stem-loop structure of pri-and pre-miR-122. In this way it inhibits the processing of the miR-122 precursors (79) . There are currently several companies developing anti-hepatitis drugs by using anti-miRNA approaches.
B. LncRNA-Based Therapies
NcRNAs are appealing pharmacological and therapeutic targets because of their involvement in development and their general action in a cell type specific manner. Unfortunately, the modulation of lncRNAs in vivo is not very easy. Therefore, to date, there is no lncRNA drug brought into clinical trials. Nevertheless, plenty of promising approaches to regulate lncRNAs on a therapeutical level are in a preclinical phase.
Meng et al. (190) described in a recent publication the possibility of targeting the lncRNA Ube3a-ATS to treat the single gene disorder Angelman syndrome (AS) (190) . AS is a complex neurodevelopmental disorder, characterized by mental retardation. The disorder is caused by the loss of the maternal allele of UBE3A in the brain, which encodes for an E3 ubiquitin ligase. This genomic region is regulated by an imprinting center leading to a silenced UBE3A expression on the paternal allele. The additional deficiency on the maternal chromosome leads to the loss of UBE3A expression and thus to AS (32, 188) . The underlying silencing mechanism is provoked by the expression of the lncRNA Ube3a-ATS which lays antisense to the paternal gene and leads to its silencing (188, 231) . In AS mouse model, it was possible to reduce Ube3a-ATS with ASO treatment and thus restore the level of paternal Ube3a, which in turn ameliorated some defects associated with the disease. This study reveals a promising therapy for a severe disease, especially because ASO therapy has been already tested in detail and is a perfect approach to silence RNAs including lncRNAs.
Targeting lncRNAs can also be done by the usage of socalled "GapmerRs." These DNA-LNA chimeric antisense oligonucleotides are single-stranded and catalyze a degradation of target lncRNAs by recruiting RNase H (available from the company Exiqon). RNase H is present in the nucleus and cytoplasm and degrades RNA-DNA heteroduplexes (152) . The therapeutic application of GapmerRs to target lncRNAs is still in its infancy.
One challenge of the investigation of lncRNAs is their poor conservation. Even if there can be major success in the therapeutic targeting of one lncRNA in a mouse model, it does not necessarily mean that these findings are transferable into humans. It will be thus especially important to investigate human lncRNAs for therapeutic approaches.
C. NcRNAs as Biomarkers
NcRNA expression patterns often correlate with a disease type and can provide specific diagnostic or even prognostic clinical information. Indeed, there is a great need for biomarkers that can define a subtype of disease to guide therapeutic interventions. Personalized medicine will help to treat patients more efficiently and thus also with lower costs for the health and economics systems.
Circulating miRNAs as biomarkers
A promising new field of research is the investigation of miRNAs as circulating biomarkers in body fluids. The process of miRNA secretion may be another way of intercellular communication between cells and/or organ systems. NcRNAs can be secreted in actively packed circulating particles like exosomes, microvesicles, or apoptotic bodies. In addition, they can be associated with HDL and other lipoprotein complexes (275) . In contrast to this active secretion of ncRNAs, there is also a number of miRNAs entering the circulation system through passive leakage (45) . Although once assumed to be unstable, it has been shown that circulating miRNAs are easy to detect and relatively stable. Indeed, inclusion of miRNAs in microvesicles, exosomes, apoptotic bodies, and complexes with proteins converts protection from RNase-dependent degradation (116, 244, 268) . Thus miRNAs are very stable and their levels can be easily measured in body fluids like blood, serum, cerebrospinal fluid, or urine (173, 174, 194) . They could have a great potential for an early noninvasive, specialized detection and indeed some examples have already been shown. See the review from Chen et al. (45) for more information about miRNA secretion.
Focusing on cardiovascular settings, microRNAs have been investigated as novel intercellular communicators. Bang et al. (10) were able to show a secretion of miR-21* from exosomes derived from fibroblast into cardiomyocytes. This unusual way of ncRNA exchange was shown to lead to cardiac hypertrophy (10) . In another publication, it has been shown that the miRNA profile enables distinguishing heart failure patients with reduced from those with preserved ejection fraction (287) . Other miRNAs in correlation with heart failure have been tested, among them miR-1, miR-133a, mir-208b, and miR-499. Meta studies are now performed to compare the findings of different groups and look for the best biomarker combination possible (46, 297) . Especially the detection of multiple circulating miRNAs could be a more powerful diagnostic tool compared with the measurement of only one specific biomarker, as also shown by Derda et al. (59) for the differentiation of different forms of hypertrophic cardiomyopathies.
LncRNAs as biomarkers
Circulating lncRNAs show useful characteristics to serve as biomarkers, but it still needs to be studied how the extracellular release works for lncRNAs. So far, it has been shown that lncRNAs are packed in vesicles, but the detailed characterization is lacking (81, 257 ). An example for a circulating lncRNA is prostate cancer antigen 3 (PCA3). It is one of the most specific biomarkers for the diagnosis of prostate cancer. Recently a potential function for this biomarker-serving lncRNA was proposed. Downregulation of the tumor-suppressor gene PRUNE2 by PCA3 reveals this lncRNA to be a negative oncogenic regulator (235) . A commercial kit for the detection of PCA3 called "Progensa PCA3 Assay" was launched by Gen-Probe Incorporated (San Diego, CA).
In line with this, more lncRNAs show promising features for diagnostic usage. The level of the circulating lncRNA TapSaki in plasma of patients with acute kidney injury is a predictor of mortality and is detectable in kidney biopsies as well as in plasma of these patients (171). LncRNAs were not only detectable in plasma, but also in urine of patients. For instance, it was possible to predict patients with ongoing kidney rejection after kidney transplantation by screening specific lncRNAs in urine (172) .
The potential usage of cardiac lncRNA biomarkers has been investigated in plasma and whole blood of patients. The first proof of principle study of lncRNA detection in plasma was performed in patients with and without left ventricular remodeling after MI. It was possible to identify a mitochondrial-derived lncRNA named Lipcar, which marks patients with future cardiac remodeling and high risk of a death by heart failure. Vausort et al. (274) identified ANRIL and KCNQ1OT1 in full blood of patients. Measurements of these lncRNAs improved the prediction of left ventricular dysfunction (274) . However, the potential of lncRNAs serving as biomarkers still needs to be investigated deeply. Further studies are needed to check the possibilities of body fluid-derived lncRNAs as biomarkers for various diseases. It is crucial to always examine whether ncRNA biomarkers are indeed better than the biomarkers in use. It might also help to make use of a combination of traditional biomarkers with novel ncRNA biomarkers to overcome certain lacks of prognostic predictions. In addition to lncRNAs and miRNAs, circRNAs are promising new candidates for biomarker detection, since they are more abundant and stable in body fluids. But there are still only a few reports available.
VIII. CONCLUDING REMARKS
The emerging world of ncRNA is fascinating and shows a new level of the complexity of nature. The influence of ncRNAs on cellular biology is larger than initially expected and thus makes ncRNA research rather complex. However, despite the relatively short time period ncRNAs have been identified, there have been tremendous developments both in clinical applications and diagnostic approaches. It is likely that this field will develop into a new area of more specific and powerful drugs as well as personalized medicine approaches moving health care of patients to a new level. More and more ncRNA therapeutics will enter a formal drug development process. Additional information needs to be gathered, the pharmacokinetics and dynamics of potential ncRNA drugs need to be tested, and detailed toxic studies are necessary. More tools are essential to push the field forward. More clinical studies will enter into phase I/II studies, including the field of cardiovascular disease. There will be other, new molecules to inhibit small and long ncRNAs, forming a new armada of drugs to combat (much more mechanistically orientated) various diseases.
To keep up the pace and make this possible, a highly organized network of ncRNA research institutes is necessary. Knowledge needs to be exchanged fast and new techniques need to be implemented. Especially the assessment of biomarker potential could be scaled-up and performed in a cooperative manner. This will potentially also enable better prognostic options, for instance for certain cardiovascular disease subgroups.
In conclusion, the field of ncRNA research will undergo fast and important changes and gather significant and fascinating new knowledge.
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